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1. Abstract 

ecology and 
Oldsquaws 

Scoters on Kachemak 

The feeding ecology of Oldsquaws {C/rtll!(ltlrt hvmwli•) 
and White-winged Scorers (Mt•l!milla drl(lam/i) was studit•d 

.. on Kachemak Bay from Novemht·r IH77 through April 
1978. These spedes lin·m the bulk of a largt· wintering 
waterfowiJXlpttlation. Olrlsquaws were t•xtretnl' gt·rwralists. 
eating at least 61 prey species. Thl' most imJxn·tant were the 
Padlk sand lance (A mmmlWt•.<lll'xafJit'/'1/s), Stimpson's surf 
dam (8pisula jJo~\'11_1'11111), and blue rnussl'l (.Hvll/n< n/uh<). 
Scotet·s were generalists on mollusrs. rnostll bivaln·s. Thn 
ate at least 22 prey speries; the most important wt·n· tht· 
common Pacilk littleneck darn (Pmlotlwca .<lamillt'fl ), hlut• 
mu~sel. and puppet ntargarite snail (,lfw'l!al'ilt'.</111/Ji//n•). 
There was littll' overlap in kinds of prt~v lx·tll't't'nlhe two 
ducks, and whl'n it <KWI'I't'd thl' smtt•rs art· silo(nilirm11h 
larger prey. On the basis ofhirds observed and wllt•t!t•d 
and the known habitats of thPir prey spedes, horh st'OI durks 
presumably limtged in water iess than 211 111 dt•t·p. (lid
squaws mostly over substratt•s of sand anrlnmd. and smll·rs 
mostly over bottoms ofshell debris and rohhles. The hast· of 
the food web in Kachcrnak Bav dt•pt·mb on tht· produrtion 
and availability of organit: detritus. Lillll• is known ;~hour 
ecological proct'sscs hct wt·l'n prod uri ion ol' dt·t rit us and tilt' 
production and availahilitv ol' the birds' liltt·r- and dt·posit· 
feeding prey. Howevet·, both dm·ks appat·t·nth· hnwtion as 
first· to foutth-order nn·nivores, dl'pending up• 111 whirh 
prey spedes they l'at. 

2. R&uml! 

De novembre 1977 ;\ <ll'ril 19711. nou.s avon• (•tudit' 
l'ecologie alimentaire des Canards kakawis (UIIII!fllla lnnnll· 
lis) et de Ia Maneuse ;\ aill's blanrhes (Mrlmllllll di'J:IIIIu/1) 
dans Ia baie de Kacht•mak. Cl's e~piu·~ hmrtt·ntla majt•urt· 
partie de Ia vaste avifmml' hivemantt'. l.t·s Canards kakawis 
Ont lin regime l'Xtrelllelllenl OJliKll'llllliStl'. ('011\fJI't'llallt all 

· moins 61 cspeces. Les plu~ impurtantt•s t:·tait·nt : It· lant;on 
· gourdeau (Ammodyte.l·flrxaptrrus). Ia palnurdl' dt· Stimpson 

(Spi111ia fiOiynvma) et Ia moule bleue (M_vtilus nluils). l.t·s 
macreuses oe nourrissent inclit'ti't·emrnent dt• mollusqm•s, 
surtout de bivalves. Leur regime st• romposait d'au moins ~~ 
especes. Les plus illlJXll'lillltl'S ctaient ; Je protothat·a clu 
Pacifique (l'mlotlww.llamitll'll), Ia mottle blt•ue ella rnargarite 
pupille (Margarites /Jttfiillr~l). Nous avons t·onstate tres pt•u cit· 
concurrence pour les espece~ wnsommet•s emre les deux 
canards, rnais, le cas echeant, les maneust·~ ntptumient de~ 
proies signilicativement plus grosses. Si on enjugt~ par lt·s 
oiseaux observes et recueillis et les habitats wnnus de !ems 
proies, ces deux canards de mer puiseraient leur nourriture 
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it cit's prolimdt:urs inl(·rit·un·s it ~0 111 :It's Camrds kakawis. 
dans les t>aux rouvranl des suiJStrats d!' sahlt· t'l de hotu·. et 
les mant•uses. sur dt·• l<md~ dt· d<'lnis de roquillage.• t'l :~:·. 
tailloux roult's. Lt· n'seau trophique dans Ia hait· dt· Kadw
mak repost• sur Ia produrtion t·tla disponi!Jilit(· dt• dt·tritm 
organiques. 1\'ou' sa\·ons Itt'~ pt·u de chi 1St's sut· lt·s pro
n•ssus i·mlogiques intervt'nant t•ntn·l'arrumul•ttion dt· 
th'tritus et Ia pn ~tut ti1111 et Ia r.lisponihilitc.' rlt·• pn •in st· 
nout-rissant par lilu·ationou de dt•p<>t• 1\o;ow• 'il\nns t't'JA.'il· 
datil qut.' n·s deux ranards ,tgiswtll a('IMrt·nmn:nt mmmt· 
rarnivores dt· ptTmier ;, quatrii'rm· ordn:.toul dt·l><'nrbmt 
dt• l'l'.'flt'l'l' dt• ph.>it· qu'il' nmsotntm•nt. 

3. lntroductiofl 

Karhemak Ba\. near tht·tnotllh ol< :tK>k lnlt·t in 
southrentral Alaska 1 Filo(. I). has hilo(h hiolo~tr<~lj>r<Khu tivtlv. 
and intJ~•I'Iant wtnllll'Iriallislwrit·s and n·t re<llional '"''' 
(Trash ••/ a/. I !Iii). Erikson tl !tiit rondnt tt·d sun·.,,"'' 
marim· birds oil thl' fJ<t\' in I \liti as part ofhroottl-f•ast·d . 
t'lllirontm·ntal studit·s ol adi••ininlo( C••• lnlt't II raskv •·I "'· · 

I \Iii). lie distol't'rt'd that o\'t'l' \Ill"; o! thl' manne hinh 111 
' 

lo1n•r ( :,. •k lnlt•t in wintt'r 11 t·n· in Katlwmak 1\av a mit hat 
most of tht•st'·Wt'l't' W<tlt'llCIIII..f.ll. (~row lunpuhl. d.tl.tl 
studit~lthe f(HICis olmarim· :lurks shot l11 hnntt•rs iutltt' · 
Chiua I'<H•I Ha1 an·•t of 1\,11 ht·malo. 1\01\ dunn~ Septt·miH·t
:"'m·emiH·r l9'ii .• nuf [l," id Erikson (uupnbl. data I • ollt·rtt·d 
st·a dw ks tnr I<H>(I ~tudit·' in $Jll'in~ I !liti intht' mm·r ha>. 
Tht• fet'dinlo( hahus ol winterinlo( hmls n·rit<ll!lt'd t•sst•ntt;~lly 
.unknown, howt'lt'l'. · · · 

In onlt·r to lillthis gap.'~'~' sllldit•d tilt' ft·edm~ 
t·rologl of tht' main sptTit·s of marint··<hstKtottt·<l hird• 
wintc:ritl~ on tlw lm'\. Tilt· p1IJ1ht1 ' 1 '' ,j~~.l tl H~~ '' t' 1 c tu 
dt·tt·rmim·tlw kinds. amount• .• md !tophi< lt·n-ls of pn·1 
nst·d hv the main •IK'l'it·s of binls and to t-t'latt· tht•st• findm)ls 
totht• phni•·al and hiolo~it·al t•mironnwnt oltht·IMI' .-\ . 
st·nmdan ohjt•nin· was to makt· jO;t'nt'ntl oh.,•n·auotJS of the 
distrihution ;ind ftot•din)( hdmviour of tlw hird•. This p<t(H.'l 
tntll't'rns tht•lt't•din)( emlo)ll' of tlw two main •JH."lit·s of st•a 
dm-ks.tllt' ( lldlllluaw (Citm![lllll "''''"'"''·''and Whitt·-winl(t"fl 
St:ott•r (.\/ r/am/111 dt·J:/IIIIfil). ( lt her spedt•s of w;ttt·rlowl Wl'rt' 
pn•st•nt. Inn Ill lilt' Wt'rt' wnsistl'nth• J_Jrt'~t'lll in rirt'"" thin 
II'C mnld read1 sale!\ 111 our t.Jpt·n ~kdL · 

4. Delc:ription of study 

Kadlt'mak Ba1· is a ma~Jr g('ogmphi[ fe<~tun· r •I rht> · 
Kt•nai Peninsula and Cook Inlet in !!IJtttlu:entml r\lask;t 
(Fig. I). It is :i8 km wide at!'" en~rant:t> and al141ut ti:.! krn 
long. Bomer Spit prujt"Cts 1 km nllo the bay,:dt'Jithng lltntu 
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physica.iy and biologically d!stinct·"inner" a.nd "outer" bays. 
The north shore of the bav ts unbroken by mlets, but the 
south side has seveml isla~ds, fiords, and shallow bays. The 
mean diurnal tide range is 4.7 m (l'rasky t•l a/. 1977). 

In the inner bay, scattered bouldt•rs occur on t•xten
sive mud flats immediately adjacent to shore and on the 
sand and mud bottom just beyond (Fig. I) (Lees and . 
Driskell 1\IH I). Blue nulssels (M\'tiltM l'li!llis) and other btota 
encrust the boulders, which tluis constitute nx:ky micro
hahitats. Clavs originating from glacial .>treams at the lll'ad 
of the hav and from erosion of bluffs extend from tlwre to a 

' ' dt•pr.h of I H 111. 
In llw northern outer bay, areas shallower than 9 111 

. are more suhjt•l'l to tidal nHTenis than tlwse int he inner 
hav, and sub' II att·s arc markcdlv difkrent. Boulders and 
(.·obhJ,•s pn .. •dominat(.~ in d(.•pths l~ss than .1 H m. Frorn.tlu.•re 
to 1 he :17-111 depth co tHou r the substrate IS shell debns, 
nHuldy sand. or rippled sand. Water depths away from 
shore in hoth the inner and outer hal's range mostly from 
ahout :l:i to \10m. 

~lost water in Kachemak Bay originates from mastal 
upwdling- just off southt·nHnost Kenai Peninsula (Burbank 
I \li7. Trash rt a/. l \li7). Surbtn' water flows imo tht' south 
side olthl' oilier haY frnm Cook Inlet, and a net northwest 
current flows out oi the hal alon~ the north shore. Dro~lle 
studit·s ~~~~~est that tlw sanw water l'an remain in the outer 
ha I' lin several davs heli>rt• mol'ing- out of it (W. P. V.'cn
m·kt't", pns. commutt.). Witter <.:lllcrs the inm:r IMI' hum 
tht' nutt•r h.:t~· ;tf suhsurfan• dq>ths ·~nd front strl'ams at the 
head of tht• hal'. ( :irculation patterns din•ctly inlhtt•rKc tht• 
ll<msport olmitll'ral sl·dimcnts and organic detritus, and 
sedint<'lltation alli:cts substrate t~'P<' aud thus the nature of 
hem hie animal mmnHtllities. Or~ank der.ritus is believed to 
hm11th<' hast• ol the Kachemak 1\a)' ecosystem (Lc·t•s and 
l>r;skdl I 'I~ I). 

h ,. cau build up consider:thly in thc shallow inner 
bar l>t.·hind llomcr Spit. During this swdy we encmmtcred 

Fiprel · . 
J\;H hcn•·•J... B,t\ .. \l.t~k<l. hulic iilirtl.{ I.Mt!hllll suhsll'tllt'S (l>riskl'll and l.t'(.'~ 
!~Iii, SAl l~t7~1) in an·;ts wl1t'l"l' hints \\'l'IL' tl)llt•d('d (f\ev: IU; :=:- hcmld(.'I'S 
.md <cJbhlc·,: Sl) ,-, sbdl ch-hris; \IS:::.·,. mudd~· sand~ ~IF= mudfhus) 
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moderate amounts of pan and brash i~ from f?ece,mber to 
March in the inner bay between the spit and Fritz (~~eek 
(Fig. 1 ). Ice scouring of the bottom can a~verse!y affect .the 
benthos (Lees and Driskelll981 ), th~s dtrectly mtlu~ncmg 
the distribution of the birds: J)rer· Atr te~per~tures 111 
winter are generally.~low freezmg; d~r!~g thts ~tu~y \hey 
ranged from - I3°C m December to 4 C 111 Apnl~ ~urface 
water temperatures generally ranged from 4 to 5 C. 

5. Methods 

5.1. Field methods 

We collected birds f(n· stomach samples from a 5-m 
open skiff during monthly field tri1~s of 3-5 days duration 
from November 1\)77 through Apnl 1978. We also re
corded general observations of the hit:ds' di.st dbution and 
behaviour. We worked on the north stde of the bay and 
generally stayed on the lee side of !·lomer Spit during .. 
adverse or threatening weather. Bn·ds were collected only tf 
they were sitting on the water. We of~en s~w Oldsquaws 
actively diving (and presumably leedmg) 111 the shallow 
inner bay beh>re collecting them, but. we never observ~d the 
generally wary sroters d~' so. !mmeth~tely alter c~llecuon w• 
injected I he stomachs of spectmens wtth I 0% buffered 
F;mnalin to arrest digt'8tion (van Koersveld 19~0). Speci
mens were then frozen until laboratory processmg. 

We colleet.ed 28 Oldsttuaws, including 5 each month 
from November through February in the inner bay. 6 in 
March in the outer bay, and I each in the inner ami outer 
bays in April. We collected :~H White-winged SLotcrs, as 
fi>llows: l in November and 2 in Den,mber in the inner bay. 
and 14 in .January and 5 each in February, March, and April 
in the outer bay. All birds were collected within a few 
kilometres of the north shore of the bay at depths-ranging 
fi·om about 2 to 20m (mean lower-low water). 

5.2. Laboratory methods 

In the laboratory we recorded lxKiy weight <JIJ(I sex 
of the specimens and ren10ved the esophagus, pro
ventriculus, and gizzard in tart. The stomach was carefully 
cut open, the contents drained of excess moisture, weighed 
to the nearest 0.1 g, and the volume measured to the nearest 
millilitre hy water displacement. We then counted and 
ideruified the prey items to the lowest possible taxon, and 
visuallv estimated their volume as a percent of the total. The 
greatest length of whole specimens was measured to the 
nearest millimetre. All d;ota were recorded on a standard
ized form. 

r, <) 
!),,:), Methods of data analysis 

. We used three basic parameters to describe prey 
taxa 111 tl~e stomach ~am pies: aggregate Jwrcent volume 
(cf. Martm el at. I \!45, Swanson et (//. 1974 ), aggregate 
percent numbers, and percent frequenry ofoccurrente. 
We c~tlcu.lated these three parameters lx>th fi1r species and 
certaml~tgher tax~, f(>r individual months, and for samples 
pool~ for ~he enure study. Details are reported in an 
a~lmt~tstrau.ve repon (Sanger and Jones 1982) and summa
nzed m secuons 6 and 7. 

Differential digestion rates of hard· and soft-bodied 
prey may distort their original relative volumes; percent 
numbers can make an abundant small prey seem more 
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·."·~ important than a sparse larger one, and percent frequencv 

'f of occurrence ignores numbers and volume. Pinkas etrd. · 
, ( 1971) attempted to overcome these shortcomings by com

.>. bining the three values into an Index of Relative lm· 
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· portance (IRI), which we use here. The IRI is delim:d as: 

IRI = %FO (% V '+ %N), where 
%FO = % frequency of occurrence of a prey taxon in a 

sample of 11 birds. 
% V = % aggregate volume of a prey taxou in the 

combined volume of all taX<I in the stomachs of 
the sample of 11 birds. 

%N = %aggregate nurnhers of a prey taxou iutlw 
combined numbers of all taxa iuthe stomarhs ol 

the sample of 11 birds. 

We characterized the leediug habitats nf the birds hv 
comparing substrate types (Fig. I) at their rolht ion sites " 

with what is known alxlllttheir feeding behaviour amlthe 
habitats of their prey. 

As far as possible, commou and sdt'lllilirnanu:s of 
molluscs discussed he low ar·e from Abbou (I \174 ), thost' of 
shrimps are fro111 Butler (I !-180), and thme of fishes art· 
li·otn Robins eta/. ( 1980). 

Flgure2 
f'ood Wt'b lin 27 Old~<fllitW~ wintcrinK 011 Kmlwrnak I~ .. , ... h••witl~ 

ps-inmry kiucl!l of pre}' :uut l hril' rt1"J.M!fli\'t' 'il 1 Jl 11 Jtal prn 'olumr. 10111' 

prey with tmiRI of 10 or more and whkh rtllnliftllt·d at ltw~t 1•~ (tltlw 

\'olume are induded. ;\now !!ill'~ ha:rwd on ltU \·aim· or pn'\, a:-~lollnw~: 

"""II = 10-UU: medium= lllll-!1\1!1: latgt· = ltlllll--\1!1!1!11 

6. OldiiCiuaW feeding ecology in Kachemak Bay 

6.1. Diet of Old squaws 

'l'wenty-Sl·ven of21l birds had idt•ntiliilhlt• pn•1 in 
their stomachs: the rt•maining bini rhutaint•d onlv un
identilied remains. ( >ldsquaws all: st·wntl highn taxa ol 
prey. The\c induded I loraminih·ran. \1 poh·dmt·H·s. 
14 !{astropods, 12 hil'alvl's, I i rrmt;~n·ans (indmliu~o~ lt•arh 
of a barnade, rnvsid. nllllil< l'all. and isopod: ami at lt·ilst 
8 !(itmmarid amphipods, :~ shrimt"· ;uul2nahs), I t't"to .. 
pnX't, :'1 echinoderms lindudin~o: 2 britt It' stars all! I I st·a 
urrhin). ami~ fislt Tht' most important hi)llwr mxa and 
tht·ir 1~1 valut's w(~rt· bivalws. :II iO: trust<llt'ans. I :~~1:1: fish. 
I IHH: gastropods. 5~:1: and pnhrh.tt'!.(·~. :~~I. 

With a minimum total olti I prn 'tx·m·s (San~o:t·r 
and Jom·s 19~~). Olrlsquaw shad an t·~tn•m•··lv thl't't.,t• tllt't. · 

A sink llxrd Wt'b (Cohen l9iliJ illustratt·s the rl'Lrtti'C' im

l"'rtillllT of th" It<"""' impollitlll spn it•s oltnt'\', ba't•d 1111 

their I~ I l'ahtes (Fig. 21. ()ph I hosqm·\ with lw >t h an I R I of 
atlt•ast lii;rnd which ronstirutf'd at if'a•t I '.'i olthe 1nlurm· 

' 

. an· induded. Tht' dominatin~o: irnt••rt<IIH c· of l';~rifit '<tlld-
l;rnn· (:\IIHIIOil\'ln /ri'XII/!11'11/.1) j,- l"l'illhiv 'l'l'll. 

Q.!;t'19POfa SD 

GASTROPOD 
Onchir.Jor•s bttam~ltata ·----· ·-. ---
NUDIBAANCH 

pandalu• ggnlyrla Ct.anoWJ uptemsJWli.li I 

HUMPY SHRIMP SAND SHRIMP 

EPIFAUNA 

Qphloohollt aculaacg 
BRITTLE TAR 

M)<l.llll odullo 
BLUE MUSSEL 

4'1\ 

--------------------

INFAUNA 

Maporna ep. 

CLAM 

Prglotbaca aiMmlnpa 

1'1\ 

COMMON PACIFIC LITTLENECK CLAM 

iJY..Qymerlt aubobto!tta 

WEST COAST BITTERSWEET CLAM 

PACIFIC 

2% 

~!i!@Pierua 

SANOLANCE 

1'1\ 
- 1'1\ 

pacttnarlo ap. 

POLYCHAETE 

I 
' 

MJtret!.a. I!Jbvrou 

/VARIEGATED DOVE SHEll 

GAMMA RID 

AMPHIPODS. 

Nuc.\ilil tf_nug. 

SMOOTH NliT ClAM 

lou a 

NUT CLAM 

.§IWI.\IJA f&lt!!Vffi! 

STIMPSON'S SURF 'ClAM 

WORM 

INFAUNA 
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• The most important taxa overall and their IR! values 
were Pacific sandlance, 1059: Stimpson's surf dam (.~fllsula 
poly11.\'ma ). !l~{r,: blue mu~sel. 892: sm<xJth n~t~ ~lam (Nu~ula 
teuui1), 21:1: west coast bittersweet (dam) ((.lw;;m~m sub 
obsoil-ta). 195: f(Jssa nut dam (Nul'ulalta f/Jssa), lOb: and the 
turrid g<tstrnp<xl Omofmla sp .. 114. Ex<:ept lor sandlanc~, .. 
,111d perhaps the Stimpsou·~ sur! darn and blw: muss_e,l.tt ts 
<liflicult t<i sa\ il these spenes were truly 11101 c tntpm t,mt . 
thml manY of tht• others. The species composition Ill the dtet 
was radicallY dirlt-rcnt from month to month, and some 
hi~hcr taxa.likl• ganunarid amphipods (31'!:1) ~v~re col· 
lectivdy more important than most sp~-ctes of lnvalves. 
In fauna madt· up 407< of the total mlume of the prey, and 
it is assumed that ( Jlclsquaws raptHrcd sandia nrc when they 
were buried in the sand (Meyer 1'/a/. 19i9). 

li.l.l. Month/\' dumw'·' i11 fm~· imfJOrll/111'1'- Small sa~nple 
sizes limit st;ttistical evaluation of monthly changes Ill the 
importance of various prcv, but get!l'ral trcttd.s wert• in
dicatl'd. Fish. mostlv sandlatKt', were prt·scnt mthc Old· 
squaws' diet earh month except February and April. Crusta· 
rl'ans wt•rt· moderatch· important throughout the study, but 
II< I one spedes nor higher taxon was comi~tently impOJ_t<lllt. 

Other pre1 taxa lltwtuated 111 theu unportarKt·mno 
apparent pattern. A shrimp (SfJinmtoca~·r., sfmw), mystds. a~ul 
tThinoderms (brittle stars and st•a urdnns) occurred only Ill 
the diet of' birds coilerteu in the outer bay durin!( March. 

· Bivalves and other pre1· displayed no monthly trends. 

(i.l.:.!. /'n~ ,;".- I .t'n!(ths of :H prey specit•s of Olclsquaws 
· (Sanger .md Jones I !182) ranged from l-111111 varicgatt•d 
lanmas (pt·ri.winkk) ( '·'"'WI<Il'lll'it'!flllll), Macoma sp. darns. 
and blue mussels. to s.mdlance of II !'1 nun; %';f. of the 
prn were less than 10 nun. and onlv 2<;{ wcrcm:cr 19mm. 
Tlw mea11length of I079measurablc prey was 11.8 nnn 
ht ~ 0.:1:11 ~lost ofthem<·ast.rablc prey were gastropods 
(.\' = ti.f),md hival\'l's (;\' = 928). 

.~(ost bivalves were less than (i 111111, hut data fl1r · 
.\la((ll/ll/ 'I'· and blut• nniSs<'ls suggt:st tht· presence of at least 
a few older animals. Abbott ( 19i4) noted 76 111111 as the 
maxirnnm length attained by blut·mussels, so those oflcss 
than 10 mm wen• dearlv suhadults. Stimpson's surf dams, 
sw;; ofthetll2-·lmm, ;,·crt· all age dass "0" (Feder and Paul 
HIS I). 

(. 'I ) ..... Feeding habitats and feeding behaviour 

The kinds of lxJttom substrates over which the birds 
were rollet<ed and tht· spedcs ami habits of their prey 
sugge~t that the ( Jldsquaws taken had led lx•r.nhicall~ on . 
both.inhtuna and epibenthos. \Ve obset·ved bn·ds mamly Ill 
the northern inner hav m·er mud-sand substrates, but we 
1x:casionallv SiiW thcm.in the omer bay over shell debris and · 
cohble.hahitats. 

Wt• olien saw Oldsquaws activdy diving (and pre
sumablv feeding) within pan and brash ice in the inner bay 
behind Homer Spit. The icc probably protected the birds by 
shielding them fi·mn the wind and hv damping the waves. 

With the exception of sand lance and various species 
of sln~rnp. the Oldsquaws' prey were sessile or weakly 
mobile. The birds possiblv captured sandlance that were 
buried in the sand (Meyer eta/. 1979), although they are 
known to eat free-swimming fishes (e.g. Peterson and 
Ellarson 197i). The preponderance of sessile animals in 
their diets may indicate a limited adaptation for capturing 
quickly moving fauna, however. 
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Values on the weight of food in stomachs as com· 
a red with the net weight of individual b~rds imply that 

bldsquaws did not eat large amounb of food a~ any one 
time. These values ranged from a low ?f 0:2% Ill No~ember 
and February to a high of 3.0% lor a btrd Ill March (20 g of 
food in a 674-g bird). Average month~y valu~s were very · 
low, ranging fi·om 0.45% (st: = 0.15) Ill Aprtl, to 1;6% 
(st: = 0.32) in March. The overall ~verage _for the ~8 
specimen~ was 1.0% (s>: = 0. HI). Srxteen btrds (571o) had 
values less than 1.0%, but only four (14%) had values 
greater than 1.5%. 

7. White-winged Scoter feeding ecology in Kachemak 
Bay 

7 .I, Diet of White-winged Scoters 

The stomach of one specimen in February was 
empty. hut the remaining 38 birds (97%) had food in ~heir 
stomachs (there are no prey volume data lor one specnnen). 
Two other specimens collecte~ in F~bruary 1977 as part of 
another project on the south stde 01 ihe outer bay both 
contained IC1o(l. Overaii!RI values show that the most 
important major prey taxa by 11u· were bivalves (6 112) and 
gastropods ( 151 0). Polyrhaete worms a_nd.rrtts~acean.~ 
( 1 (j each), and echinoderms (6~ wer~ o!tntn?r tmportance. 
White-winged Senters had a fatrly dtverJc drct, eatmg a 
minimum of 22 species of prey (Sanger.andJone~ I ~82), 

A sink food web of the seven mam prey spectes 
(Fig. 3) illustrates the im1x1rtance of blue mussels (IRI 1158) 
and the common Pacific littleneck (clam) (l'rolothaca sill· 
minm) (IRI 1\196). These species made up 31 and 32%, 
respectively, of the aggregate prey volume; this contrasts to 
their low importance to Oldsquaws. A gastropod, the pttp· 
pet margaritc (Margarit~s fmpillus) ( I.R~ 151 ), was relattvely 
important compared wtt~ the reman~mg prey, none of 
which had an IRI "alue lugher than 50, Volumes of the 
main epihmnal and in faunal prey were about equal in the 
scoters' diet (Fig. 3). 

7 .I, I. Month/\' dumgt's in prey importrmct•- Monthly sample 
· sizes were small, but some dietary changes in birds collected 
were apparent. Bi\alves, in particular, and gastropods were 
consistently important in the scoters' diet. Other major taxa 
were of minor importance and occurred sporadically. The 
blue mussel was the only prey in three birds collected in the 
inner bay in November and December. The common 
Pacific littleneck clam was consistently imponant to scoters 
collected in the outer bay fi·om January through April, but 
other prey taxa were sporadic in the s<:oters' diet. 

The two birds mlk-cted on the south side of the outer 
bay in February 1977 had eaten mostly the dam Astarte 
ml/a~di and the west. coast bittersw~et. ~ifferences in prey 
spectes compared wtth the north stde of the bay may have 
t'Cilec.ted differences in prey availability mther than prey 
selecuon. 

7 .1.2. Prey size- Lengths of 14 prey spc~cies of scoters 
(Sanger and Jones 1982) mnged from common northern 
ad metes (gastropod) (Admtte coutlwuyi) of 4 mm to a Nephtys 
polychaete w?rm of I 05 mm. Lengths of I 03 measurable 
prey pooled hom all stomachs averaged 13.6 mm 
(s•: = 1.42). Some 90% of the prey were less than 20 mm, 
bmthe occasional ptesence of bivalves and gastropods over 
40 mm shows that scoters sometimes ate larger prey. 
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7.2 Feeding habitats and feeding behaviour 

The kinds of bottom ~ub~trate~ over which the bird~ 
were collected and the species and habit~ of thdr prey 
suggest that the birds taken lt:d e:>~dusively in l~nthk 
habitats, usually in areas with shell dehri~ and houlder
cobble substrates, but oct:asionally in ~and and mud. White· 
winged Scoters occurred relatively infri'IJUently in the inner 

.. bayoversand-mud substrates (Erikson 1977 ancl this 
study), and the three we mllected thet·e mmained onlv hhtt' 

· mussels. Thus, the scotet·s may haVt' Gtplln·ed prev ~urh as 
· · Maroma dams and arctic naticas (ga~tropod) (Natim dau.,a). 

animals typical ofs<md and mud (Keen ami Cmm J!li·l). in 
pockets of such substrate., amici thr shell dehris and mhhb 
in the outer bay (iJennis Lees, pers. rotnrnun.). 

' 

The fairly wide mnge in prey sizes indkatt•s that. 
although scoters are able to selectively eat moll usn as lar!(e 
as 70 mm, they probably sieve through the suhstnttt•to 
locate smaller prey; about half their prev tn'rl:' infin111a. Jr b 
unlikely that much light reaches the S('()ters' feeding hahi· 
tats, which suggests that the birds hllatt•thl'ir (iK)(I hv 
probing the substrate with their bill and tongue. whid1 an· 
richly supplied with tactile nerve endings (\\'dty 1\lli:!:!IO), 

Figure 3 
f'rxxl web for :\7 White·WifiH:ed Srotl'l"'4. wintt·rin~ on Kon:ht:nl.lk Ha', 
showing pl'itn<ltY pre~· spedt·~ a mit hrir l't''J>l'rtin· c; 11f tof,tf prt'\ 'nhnut'. 
(Only /ncy with an IR( of 10 or· mon· aruf which nm•uittJ!t'd ar h·a\! I'; ol 
them umt• art• indwled, Ari'IJW 'lilt'" ba'lcd Ill I lkl ,-,tlul' ot pH'\. ,1., 

followo: •mall ~ tll-\l\1; medium " lllll-\1\1\1; laiW' ~ lilllll-~1\1\1\11 

· The Wt:ights of food in stonmdts as ri>ll1J.UII'I'd with 
weights of individual hirds suj.:gt•sr that. Iii"' the ( >hlso.flliiWs, 
White-winged Scoters ate onlv small iliiJollllts of tix11i ill i\111. 

one time. Tht•sl' vahtt•s ranged fromz<·ro (t·mpl\· stPmadH 
in Fehruary I !liM to a hiKh of ·I .Wi. It >I' oru• hint !'<II h in 
Fehrttilf'\' ;iml March. The hlltt'r hint. 1n·ighing 1!111 ;.;. 
harl 7H g of"""' in its stomad1. till' maxillllllll oh"l'l'\'t•!l. 
Avera!(e valut•s frorn Nnvl'mlll·r through April rangl'd from 
2';1, to 2.ti'.t,. anrl thl' on•rallmt•an h>r tht· :i<l hirds was '2.!!''i 
ht ; 0. It;), Onh fin· birds (I :l':; I It ad mlut·s It·" thall I 1.) : 

this. rnnsidl'rt"<f with tlw !;KI thalmJII' om• hinl.had ;m 
t·mpll· ''"lllil< h. .sug~o:t·srs thattlw hinf.. "''"'t' romi'H'tlllv 
able to !inrll<•l(l. 

8. Compari!!Ons bt!tw~n diets of Old"'Juaw~ and 
Whlte•winged Scoters 

The ( >ldsqu;IWS and \\'hitt··wing<.·rl s, .,,,.,' '"' < o). 

lt•<'ll'd art· suhst;tlllialh dil kn·nt 'I"'' it:s ol pn·1 11{ Figs :! 
ill HI :11. \\"l' !'Ill Olllll('l'l'd ( l(ri-.JI"I\1'' (llitllilril\ in till' lllllt'l 
h;IIO\'l'l' .suhslt·alt•s ol 'ancl.111d Ill lid. ;uultt<•ISI nl tlw 
WhitP-win~t·< t .'in li('I'S '"'I' '"" ,,.(•n· in 1 ht' '•lll<·t h;ll •" ,., 
suhstrates ot cohhlc.s and .s!JI'II ddms. 
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~h!.sii.ed trr1phic relati,mships and rnvironmcntal processes i1_1 the 
n:~>S\'St~m o£ wau."rfowl wintering on Ka(·hemak Bay. (Rcprcsentottlve prey 
5~~~ indkatcC where pussiblt·, and large and small arrows show 
r~pcxtivc ma:jor and ntinor ('1\Crgy pathways). 

MACROBF.NTI-UC DEPOSIT

AND FIL TEA-FEEDERS 

Protothaca stamtnca (clam) 

MICROFAUNA 

(<0.1 mm) 

. Cilialf!S 
Zooflagellates 

OLDSOUAWS 
and 

WHITE-WINGED SCOTERS 

MACROBENTHIC CARNIVORES 

Natloa clause (snail) 

MEIOFAUNA 
(0. 1- 1 mm) 

Copepods 
Rotifers 

Nematodes 

POOL OF MICROBIALLY-ENRICHED ORGANIC DETRITUS 

PELAGIC/DEMERSAL 

FIL TEA-FEEDERS 

pandalus gonlurla 
(shrimp) 

Microbial action : coating Of bacteria and their metabolic by·products 
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. ·Prevailing ocean currents carry detritus Into and retain it within Kachemak Bay 

TERRC:STRIAL DETRITUS 

-Salt marshes 

KELP DETRITUS 

-Fluvial sources 

-Peat sloughing 
Collated/precipitated 

Water-soluble fractions Seasonal die-t~ff and abrasion from storms 
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Both sea ducks ate blue tnU!Illels and common Pad fir 

· · littleneck darns. Although these species were major prev of 

St:oters, they were of only minor importance to Ol_d!KJUa'w~. 

; Moreover, lengths of these prey were markedly chllerent 

· ·. '· h1r the two birds. Blue mussels (11 = 132) from the 

) Oldsquaws were allle8s than 10 nun, whereas the three 

•· fn•m the scoters were 50-69 rnm. Similarly, the l!l common 

·• littleneck darns from the Oldsquaws were less than I 0 nun. 

,, whereas the 4 from the !ICoters ranged li·mn I 0 In 1!1 nun. 

.• .• Differences in average lengths of all prey (cj: scrtiom ti.l. 2. 

. and 7. 1,2,) were highly significant between the two species 

: (H9% level, as measured by a t·testof the diflermn~~ 

i between two mean~). 
... 

• 

·,· 9. level• primary froduction and 

'· The classical view of prim<tr~· produrtion in tlll' st·a 

emphasizes the role of phytoplankton in the water mhunn 

(e.g. Sieburth and Jensen 1\)70, Strh:kland IH711. Srcelt· 

1974). Larrance and Chester (in press) beli<!Vc that the 

production of fecal pellets from Z<K1plankton ~rat.in!o( on 

phytoplankton is the main source of Ol'!o(OI'tir cktrittts rearh· 

ing the llrx1r of outer K;Khemak Bav in sj·rill!( and stunmt·r. 

However. t·en·nt work elsewh{'l'!' (' t 'enore I !Iii, Mills 

I !17 !i. Sieburth and .Jensen I 970, Strkkland I !liO) has 

shown that organic deu·itus from other so1.11u:s mav abo 

play a m<uor role in driving cmtslitlmarim· cto"'''''ms. Lt·t·s 

and Dl'iskell ( 1981) mntend that abrasion ollamin;u·iatt and 

fuwid kelp~ around the ~omhern end of tht· Kt•nai Pt•nin· 

sula and in Kachemak Bav provide~ tht· m;~jor "'u•n· ol 

detritus. Water solublt• organk fmrtions from kt•lp m;n also 

contribute to detritus (Lees and l>riskcll 19tH. Sil'ln 1 rl h 

1968, Sieburth and Jensen 1970). Or her •ouJn's of or!olanir 

detritus in the bay are of terremial nn!(in lm111 siiTatns. 

!i·mnsalt marshes bordering the lm\ ().II. Cmw, unpuhl. 

data), and !i·mn peat and mal.,loughing din·rtlv into rhe h<1\ 

along the north shore (M.P. Wellllt'kcns. per•. mmllltlll. l. 

Most prey of Oldsctmtws and Whitc-witt!o(t'd Srott·rs 

, are detxJsit or filter leeden (l..ers and Driskell I !II> I. Ft·der 

. and l'aui1H81 ). and. as surh, tltcy use organic dt·rrill" and 

its bacterial coating and asstx·iarcd minohtuna (Tenort· 

1!177) for fcKJd. Thus, I he birds' food supph· is rlost•h linkt·d 

'· to the existence and pt'tKiurtion of oq~anir detritus. 

. : Although the relative impot·tatu:e intht· t•nNslt~lll of 

Kachetnak Bay ofphytoplanktoll pnKlttt·tivirv and oq~otnir 

detritus from its various soUITcs is undt·ar. lower lrnphir 

levels of the fiKJd web muld be .,imilar In dt•l ritallood rhains 

in other coastal marine ecosyslt•ms (Tt•nnn· 1977): i.e•. 

organic detritus -microheitthos (animals <0.1 nun)-

·' rneiobenthus (aninmls 0.1-1.0 mm)- maLTnbt•nthm 

,..) (animals >I rnm) -fish. 

!i In Kachcmak Bay. starfish are apex predators alon~ 

J with fish and birds (Lees and Driskeiii!IHI). Howt•vcr. lhl' 

, exact trophic level(s) at which apex pred;Uors teed is un-

! known bet:ause the nature of the microbentho~ and 

f rneiobenthos are virtually unknown (Robert (;ritliths. pt·rs. 

! curnrnun,). The filter· and derx>sit-leeding prey olthl' hints 

·.~ could feed on any uf these animals, and al~o dirt'rtlv ingest 

the bacterially-enriched deu·itu!. Thu!, depending on whkh 

of these links are present in the food web of Kac:hentak Bar. 

Oldsquaws and scoters function as lirst· to l<mrth·ordcr 

carnivores. For example, when Oldsquaws cat humpy 

shrimp (Pamlalw gomuris) that eat detritus, the Old~~tjuaws 

are first-order carnivores. When White-winged St:oters em 

' 

.. ' 

• 

Natica cltru.1a ~nails. that cat clam~. that eatmeiotimnil, th<tt 

eat microhmna. that cat detritu~. the scnte111 are li>tn1h· · 

order mrnivores. 
With the~e point~ in mind. tlw pm~ihlt·t•lwironnwn· 

tal pnx·e~~~ and trophic rdationships in the t~usvstem ot' 

hirds wintcrin~ in Kacht•mak Hay (Fi!(. ·l) mav be summa· 

rized as JIJilows: · · · 

I. Storks of kdp in Kadtemak· Bav <Hid ;n ound I Ill' 

.~outln·rn t•ml of the Kt·nai Peninsula gn ow intensin·ll in 

sprin~ and .'illlnrnt:r, wht•fl phvtotkmkton in tht· m·t·H al._o 

hi<MJIB.• inll·mivl'lv. · · 

:!. Fec;!l pellet' frnm 11 H oplankton and I Ill' ah1 "'ion 

and se;wonal dit··oll nl kelp IM>Ih p~<wlun· orgawr dt·trilm . 

:1. Currents carn·rhc kdp dt·trirus lromlh<· ""nht·t \I 

end olrhr Kenai Peninsula i111o Kadll'mak Ba\'. 

·1. Bmw ria rolonitt·llw dt·lriru, a! '"mt·pntlll. 

!'>. · l'hc minobiallv·t'tlridwd dt·!lllt~> supporls a 1 it h 

nJillllttlllilv ol deposil- and lihn-tn·ding dt•mn.s.,l,ull I 

lx·nrhir taunit, pwhothh h" mt·ans ol ~>m· or two troph11 

links (mino- illld nlt'iolotunot) · · 

ti. Tht• dcpn.,ir- and lilrt·r·lt•t·clin).! .1nim.1l.s. lltlmn. 

mpportmarilll' biltl.s ;,tnt! orhn ;tpt·x pn:dottors .. 

10. GeneraJ discussion 

Oltl"tu'"'·s .. ntl '' ott·t·s wnt· c< •llt-itt·rlnt w,tttT deprh; 

l>t•llH't•n '.!and '.!0 111. \\'e tho 11<>1 know pr<"< isl'h dw dc·pths 

at whith tht' hinb h-d. hut il is likl'h rh.1t Whttt'·\\'lll~t·tl 

Stllll'rswllnlt'd intht'nllll'l' h.l\ It'd, llll"tl\ .11 dq>ths. 

shotll<owt'l' th;mthost• snultt"d ll\ h·tln <illtll',tu~ 1 I <It< It 

(l'(i. :.?9 1111 otnd I J\ llri.skdl .md Let~' I Ill/ i 1 I< a I ~ ~ I i:'• 1111. 

ami dt't'lll't rh;mtht· inlt'llidal an:;.- stHtht"tlll\ l.t·,·s '""' 

Dri.skelltl !I~ II. Fn•d11i~ tlt·ptl~> ol ( lldsqu,l\'' t ollt·c tnl in 

thl' inm·•· ha\ lif;,d\ t>HTbppt·d dw 1.'>·-11.:1-m tlt·prhs 

sur\'t'H'tlll\ l.t't'SOIIItl P.riskdl (I \II" I 1. 

!he pn·st'lltl' ol l•ht<' iltll•·sds. anmlt"rtid.tl spt·t n·s. 

iniKolh ( lhbqu;ll" .md \\'htll'·\\ lll).!t"d Stott·rs Httliriilt·s th.tl 

l~11h dtn ks kd allt·<~st p;u·r ollht'lllllf' 11\tT intnnd.tl """'" 

;II hi!olh title. when·as tht• aiN'IItt' PI d~t· hotst·n•ll'"'l 

(,\f,Hfto/w IIIIHft<>/1/.1), all t'XI htsiYl'l\ suhlul.d 'fll'< It's. It 11111 

tllt'il dit~t!ii !"'ll~~~·~t' that 1ht"\ tn;.l\ not h.IH' toJ,H~t·d ••H't 

r<llh an·as 1dit'll rhn lt-d suhritlalh. I lor'<· !lilt>'<· I• .m· 

ahumlanl inlht•outt'r ha\ oil Homn Sptt. ·'"tl otl llhtll 

l'oinlil.t•t·~ and llri,l<.elll\11' I). wlwiT ht' rollt•t ted II Ioiii\ t•l . 

rht• m>tt·r·'· \ht.,St·ls hom.Hiulll'oint. ho\n'\t'l. r.llt).(t' 111 

lt•ngth hum;:; lo !:ill 111111 (llrislc.t·ll.uttl IA:t"' 1\lii). """ h 

nliiY han> ilt•t•n t<M> lar~o:e lor tht· "ott·t-. 

Oldsqll.tWS ;mtl Whirt··win-:t·tl S..•Jtt·r• hom Ka< ht'· 

mak 1\il\. all' llll' silll\l' !o(t'llt'l';tltaxa ul I'll'\ ll'IH otlt'd It 0111 

olhl'r ilrt'as (l'·!ol· \"t·rmet·r and 1\0III'IW. tlus \olun11·. ~toll 

ami ( ll,.on 19i!\, 1'\ils..,,n l'li:!. \lad•en I';:·, I. (:t >ltillll I \1:1'1), 

IKJ!h ~pt•l'ies I'<Uilln~th hiY.aht·>. ~"·''~'"!'"'''· .uul, ''"'·'· 

t·eans. lloWt'l't•r. kno•,·lt·d).(t' ol tht• avail.ththl\ ollht" hmh' 

prn sperit•s n·latin·rothc availahilit1 ot otht·r fM>It·ntt.d 

p•·t•\· in Kacht•malo. 1\av i• skt·tt hY · rlwn: is "'nw smul.u il\ 

ht•twt·rn the Oldstpt<tws' dit.•t antllx·nthi< !;nut<~. n:JM•ttt·d 
' 

li"om sun t·l~ in t lw i nm•r ha \' ( l.t·t·s a uti I lri; lwll I '.II> ]). 
• 

Anima~ pre~nt in tht•non-quautitatl\·t· Mu·n•,., that •n·n· 

ai!KJ pr~nt intlw Old~~ttuaws' t.lit·t indudt•tlturnd gas!IH· 

!}!XIs (Ot•lltJf't•la "P· ), hint' lllllS"l'ls, Nltrilliwa ;md Mm ''"'" 

dilm~. and S<llltlhmn·. llomin;mt lx·nt hit ')X'l it·s 011 n M k' 

substrates hetwt"Cn4 illlll 16111 durin~ SCl'l\t\ di\'in~o: 

sun·eys alon11 the north shore ol tht· outt•t·l><l\ I Lt·l's 

and Driskell l !Jill) included the hon•e tnt~S!Il'l. UJ<tlllll~ 

pol)·chaete Polt1milk•. butter dillll .'itiXJ(/mm~• •P·. 1(1 ~~~ .ea 
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urchin.(Strcmgylocentrotus droebachie11sis), and common 
northwest neptune (gastropod) (Neptunea lyra/a). 0!' these, 
only the neptune was moderately impo~tant to Wh.tte· 
winged &oters, and the green sea urchm was of mm,or. 
importance; the others were absent from t~te s~o~ers dtel. 

The general contrast between the btrds dtets and the 
fauna identified from benthic surveys suggests that there. 
may be differences between the kinds of animals pre~ent 111 

the birds' feeding habitats and the areas surveyed. It ts al~o 
possible that the surveys missed comp~me~1ts of the hn·ds 
diets, and that the birds selected prey m dtlfercnt pro· 
portions to their occurrence in nature. In view of the size 
range of horse mussels oil of Hornet. Spit (15-1. :iO .n~m, 
Lees and Driskelll981 ), the absence of smaller mdtvtduals 
in the diet of the scoters is puzzling. . . 

Amounts of food in the birds ranged up to :i-4% of 
their net IXKIV weight; similar data on other waterfinvl 
appear to be ia<:king. Despite this seeming paucity of f(~d, 
however, bodv weights rellectcd a healthy mndttton of 
the birds (Sanger and Jones I H82). Also, rapid digestion 
rates (van Koersveld 1950) and frequent small ft~eding~ arc 
ind.icated. 
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